The Role of the Improving Diabetes Steering Committee {#Sec1}
=====================================================

The Improving Diabetes Steering Committee comprises a panel of clinical experts from across primary and specialist care, who meet with the objective of improving diabetes care. The Committee aims to ensure that HCPs who prescribe diabetes medicines have access to balanced and accurate information and evidence concerning type 2 diabetes mellitus (T2DM) medicines, with a specific focus on the sodium--glucose co-transporter-2 inhibitor (SGLT2i) class of treatments. The group is committed to providing healthcare colleagues with clarity concerning the evidence base supporting SGLT2i agents, highlighting the relative benefits and risks of these therapies. Educational materials and publications, such as the previous consensus document \[[@CR1]\], provided by the panel are intended to increase confidence and understanding regarding the appropriate place of these medicines within the current UK T2DM treatment paradigm. Due to the nature of the Committee, this article and related discussions are based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Taking Type 2 Diabetes Out of Isolation: The Impact of Cardiovascular Disease {#Sec2}
=============================================================================

People with T2DM commonly live with multiple comorbidities, among which hypertension and cardiovascular disease (CVD) are the most common \[[@CR2]\]. A systematic review of global clinical records from over 4.5 million people with T2DM (median duration 10 years) observed that CVD was a comorbidity in approximately one third of people with T2DM; of those, 29.1% had atherosclerosis, 21.2% had coronary heart disease (CHD), 14.9% had heart failure (HF), 14.6% had angina, 10.0% had had a myocardial infarction (MI) and 7.6% had experienced stroke \[[@CR3]\]. A recent cohort study, utilising data from the UK Clinical Practice Research Datalink, found a similar prevalence of these conditions in over 1.5 million people with T2DM in the UK \[[@CR4]\]. In people with T2DM, elevated risk of peripheral arterial disease, ischaemic stroke, stable angina, HF and non-fatal MI was observed; there was no associated increased risk of arrhythmia or sudden cardiac death and an inverse relationship with abdominal aortic aneurysm and subarachnoid haemorrhage \[[@CR4]\]. The fact that a large proportion of people with T2DM who are managed in routine practice have concomitant CVD raises the important question of whether it is effective to treat people by addressing each disease in isolation, or whether a holistic, personalised approach that takes shared risk factors into account can contribute to improved outcomes.

Overall, CVD is associated with significant morbidity and mortality in people living with T2DM, and may account for as many as half (50.3%) of deaths in this population \[[@CR3]\]. This is markedly higher than the global mortality rate for CVD of 31% \[[@CR5]\].

The burden of CVD in T2DM is considerable, both for people living with comorbid conditions and for the healthcare systems that support them. Globally, comorbid CVD contributes to 20--49% of the total cost of managing T2DM \[[@CR6]\]. Compared with treating T2DM without CVD, median annual costs are 112% higher with CVD, 107% higher with coronary artery disease (CAD), 59% higher with HF and 322% higher with stroke \[[@CR6]\].

Efficacious management of CVD risk and disease in people with T2DM is therefore a priority for both the individuals affected and for healthcare systems more broadly.

The Relationship Between Type 2 Diabetes and Cardiovascular Disease: Common Factors {#Sec3}
===================================================================================

T2DM and CVD share risk factors for the onset and worsening of disease \[[@CR7]\]. The common pathophysiological processes include insulin resistance, chronic systemic inflammation, hypercoagulability, elevated blood pressure, dyslipidaemia and obesity \[[@CR7]--[@CR9]\]. Moreover, the presence of hyperglycaemia, which defines T2DM, is an independent risk factor for CVD \[[@CR9]\]. Obesity is recognised as a risk factor for CVD and HF, and contributes to the development of insulin resistance \[[@CR10]--[@CR12]\]. In many cases, insulin resistance develops prior to onset of hyperglycaemia in T2DM, and both of these disorders increase the risk of developing CVD \[[@CR13], [@CR14]\]. Insulin resistance is therefore a key driver in the pathogenesis of CVD in people who present with HbA1c levels below the threshold for a diagnosis of type 2 diabetes. Increasing insulin resistance and consequent dysglycaemia should be recognised as risk factors for CVD; a study in nearly 12,000 patients without a history of diabetes demonstrated that asymptomatic hyperglycaemia was associated with higher risk of CV death compared with patients with low post-load glucose levels \[[@CR15]--[@CR17]\].

Insulin resistance is also involved in a complex interplay with multiple metabolic functions, and contributes to the pathophysiology of hypertension and dyslipidaemia \[[@CR18]\]. Diabetic dyslipidaemia has been identified as an independent risk factor for CHD and stroke \[[@CR19], [@CR20]\].

These overlapping risk factors are common, which is reflected in the fact that a relatively high proportion (\> 20%) of people with T2DM who are treated by HCPs in primary care have concomitant CVD \[[@CR21]\].

Heart Failure: A New Focus for Cardiovascular Disease in Diabetes {#Sec4}
=================================================================

Previously, considerations around CV outcomes in people with T2DM have focused on the incidence of stroke, MI and CV death, which reflects the endpoints of the atherosclerotic disease process \[[@CR22], [@CR23]\]. These three outcomes are commonly combined into a study endpoint called 3-point Major Adverse CV Events (3P-MACE) \[[@CR23]\]. Historically, HF is one of the most common and earliest presenting CV complications, and may develop independently of atherosclerosis \[[@CR4], [@CR22], [@CR24]\]. Overall, 35--45% of patients with chronic HF have T2DM \[[@CR22]\], and diagnosis of HF is the first CV event in around 14% of people with T2DM \[[@CR4]\]. Compared with the general population, the relative risk (RR) of developing HF in people with T2DM is twofold higher for men and fivefold higher for women \[[@CR25]\]. Prior to the studies discussed below, HF was not included in primary outcome evaluations of cardiovascular outcomes trials (CVOTs) in T2DM \[[@CR26], [@CR27]\]. The criteria for diagnosing HF have been inconsistent across clinical trials and baseline diagnosis of HF was not independently adjudicated in CVOTs; however, in the SGLT2i CVOT endpoint data presented here, HF was blindly adjudicated using criteria that are used in HF studies. The prevalence of people with T2DM with comorbid HF in primary care management is relatively common (\> 22% of patients) \[[@CR21]\]; it has also been recognised that HF may be underdiagnosed in routine care \[[@CR28], [@CR29]\].

Insulin resistance and hyperglycaemia are common factors in the development of both T2DM and HF, along with advancing age and inflammation \[[@CR22], [@CR30], [@CR31]\]. Hyperglycaemia and insulin resistance are associated with multiple adverse metabolic effects; people with diabetes have elevated levels of free fatty acids that require high oxygen consumption to metabolise, potentially impacting myocardial performance, and leading to intracellular accumulation of toxic intermediate products \[[@CR32]\]. Hyperglycaemia may also drive increased oxidative stress, damaging the myocardium, reducing antioxidant defence and contributing to endothelial dysfunction \[[@CR32]\]. Morphological changes in the heart may be triggered by accumulation of advanced glycation end products in people with hyperglycaemia, leading to a loss of blood vessel elasticity; furthermore, hyperglycaemia may be associated with necrosis of myocytes, which leads to deposition of collagen and myocardial fibrosis \[[@CR32]\]. In people without diabetes, HF risk increases if haemoglobin A1c (HbA1c) is above 5.5%, and a 1% increase in HbA1c is associated with a 39% increase in HF. In T2DM, the risk of HF rises by 8--32% per 1% increase in HbA1c \[[@CR33]\]; thus HF risk appears to be associated with HbA1c in those with and without diabetes, independent of other risk factors. Development of HF in people with T2DM is associated with significantly greater mortality than in those with T2DM who do not develop HF \[[@CR34]\].

It has also been demonstrated that HF is a risk factor for the development of T2DM. Over 7.7 years of follow-up, T2DM developed across New York Heart Association (NYHA) severities I--III of HF: 17% of patients in class I, 15% in class II and 20% in class III (*P* for trend = 0.05). There was a twofold increase in likelihood of having fasting blood glucose of at least 7 mmol/L in patients with more severe HF (NYHA class III \[17%\] versus class I \[7.8%\] or II 8.7%\]) \[[@CR35]\].

This bidirectional relationship between T2DM and HF in terms of disease risks and progression highlights the need for a selection of effective treatment strategies in routine practice that recognise both diseases. There is also an increasing burden of HF: in a study of 4 million patient records in the UK between 2002 and 2014, there was an estimated increase of 12% in individuals with newly diagnosed HF and a 23% estimated increase in the number of prevalent HF cases \[[@CR36]\]. This trend highlights a need for a more effective strategy to prevent and manage HF in people with T2DM.

The Role of Glycaemic Control in Managing Cardiovascular Risk in People with Type 2 Diabetes {#Sec5}
============================================================================================

Management of CV risk factors, including glucose, plays a key role in the treatment of people with T2DM. Meta-analyses of long-term studies have demonstrated the benefits of reducing HbA1c on CV outcomes \[[@CR37], [@CR38]\]. Retrospective analysis of the UK Prospective Diabetes Study (UKPDS) observed lower RR of stroke (12%; *P* = 0.035), MI (14%; *P* \< 0.0001) and HF (16%; *P* = 0.021) per 1% reduction in HbA1c \[[@CR38]\]. However, microvascular outcomes (37% decrease per 1% HbA1c; *P* \< 0.0001) were improved to a greater extent with glycaemic control than macrovascular outcomes \[[@CR38]\], and reducing HbA1c alone has less benefit in reducing risk or incidence of MI, stroke and CVD than reducing blood pressure (BP) or improving lipid management \[[@CR39]\].

Benefit may be obtained with a 'treat-to-target' approach for HbA1c in the management of CHD, because a close correlation between the risk of CHD and increasing HbA1c has been observed. In a prospective study of 1626 people with T2DM and 1321 people without diabetes, the RR of CHD increased by 1.14 (95% confidence interval \[CI\] 1.07--1.21) per percentage point increase in HbA1c, across all HbA1c values, and RR increased by 2.36 (95% CI 1.43--3.90) per percentage point in patients without diabetes but with an HbA1c of more than 4.6% \[[@CR40]\]. Similar increases in the RR of CHD per percentage point increase in HbA1c were seen in a large prospective trial of nearly 30,000 people with T2DM, across a range of baseline HbA1c values and independent of age, sex and smoking history \[[@CR41]\]. For patients with renal disease, meta-analysis of tight glycaemic control has been associated with delayed onset of microalbuminuria (4 studies, 19,846 participants: RR 0.82, 95% CI 0.71--0.93) and progression of microalbuminuria (5 studies, 13,266 participants: RR 0.59, 95% CI 0.38--0.93), although there was less certain evidence for effect on progression to end-stage kidney disease \[[@CR42]\].

However, there is a limit to the effectiveness of targeting glycaemic control alone, using traditional anti-diabetic medications for the management of CVD and HF \[[@CR43], [@CR44]\]. In addition, there are cautionary notes in the aggressive pursuit of lower HbA1c. No significant benefits were observed with intensive treatment of hyperglycaemia in the Action to Control Cardiovascular Risk in Diabetes (ACCORD; targeting an HbA1c below 6.0%) study \[[@CR45]\], the Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE; targeting an HbA1c below 6.5%) study \[[@CR46]\] or the Veterans Affairs Diabetes Trial (VADT; median HbA1c of 6.9%) \[[@CR47]\]. Notably, the ACCORD study reported a significant 22% increase \[hazard ratio (HR) 1.22; 95% CI 1.01--1.46; *P* = 0.04\] in total deaths in the intensively treated group compared with placebo \[[@CR45]\]. Until the recent CVOT findings, metformin was the only diabetes therapy associated with a lower rate of all-cause mortality in people with T2DM and HF, compared with combinations with sulfonylurea or insulin therapy \[[@CR48]\].

Given that T2DM is associated with independent risk factors for CVD, considerations beyond just elevated HbA1c need to be accounted for when developing management strategies \[[@CR9]\]. Appropriate, early intervention is needed to improve CV outcomes in people with T2DM, with treatment goals beyond achieving glycaemic control alone.

When treating T2DM in a person with comorbidities, especially one at risk of CVD, HCPs need to consider a personalised approach that achieves glucose lowering and reduces CV risk factors \[[@CR49]\]. Recent CV outcomes studies have demonstrated cardiovascular benefits in people receiving an SGLT2i therapy for the management of T2DM \[[@CR50]--[@CR56]\].

Why Might SGLT2I Treatments Influence Cardiovascular Outcomes? {#Sec6}
==============================================================

The mechanisms by which SGLT2is provide the benefits that have been observed in recent studies remain to be elucidated. Biomarkers and surrogate endpoints measured in these trials demonstrate that SGLT2 inhibition modifies many risk factors for CVD, beyond glucose levels, including BP, weight, visceral adiposity, hyperinsulinaemia, arterial stiffness, albuminuria, circulating uric acid levels and oxidative stress \[[@CR57], [@CR58]\]. These factors are implicit in multiple pathways related to cardiorenal outcomes; SGLT2i treatments modulate natriuresis and glycosuria---excretion of sodium and glucose---which modify the factors in these pathways (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR58]\].Fig. 1Proposed pathways involved in cardioprotective role of SGLT2is. Multiple physiologic mechanisms related to cardiorenal outcomes are modulated with SGLT2i treatments.Adapted with permission from \[[@CR58]\]

In the context of SGLT2 inhibition, there is considerable overlap between these factors; for example, SGLT2i-induced BP lowering may be associated with reduced arterial stiffness, natriuresis and weight loss. Reduction in weight and visceral fat deposition is most likely linked to glycosuria and consequent negative energy balance. Arterial stiffness has been linked to obesity, hypertension and hyperglycaemia. Thus, synergistic modulation of these factors via SGLT2 inhibition is proposed to play a significant role in the reduction of risk for the development of CVD \[[@CR57], [@CR58]\].

Several mechanisms of action have been proposed to explain the benefits of SGLT2i agents on the heart. To date, none of the proposed mechanisms have been able to unequivocally explain the CV benefit demonstrated in randomised clinical trials (RCTs). SGLT2 inhibition may improve cardiac metabolism and bioenergetics by elevating the production of ketones, which represent a more efficient myocardial energy source than fatty acids and which require less oxygen to metabolise, consequently improving myocardial oxygen efficiency. The myocardium is less flexible in its use of available energy sources when stressed by diabetes or HF, and this increased availability of ketones may allow for more efficient cardiac function \[[@CR59]\]. In addition, the haemoconcentration that is typically induced by SGLT2 inhibition may result in improved tissue oxygen delivery, and a potential synergistic effect with the myocardial metabolic substrate shift \[[@CR60]\]. More favourable ventricular loading conditions may also arise from reduced arterial stiffness and BP, as a result of this osmotic diuresis and natriuresis \[[@CR59]\]. Finally, SGLT2 inhibition may inhibit the Na^+^/H^+^ exchanger (NHE)-1 isoform in the myocardium, activation of which has been associated with elevated sodium and calcium levels in experimental models of HF \[[@CR59]\]. Further investigation into the potential roles of modified cardiac fibrosis and cytokine production with SGLT2i treatment is underway \[[@CR59]\].

It has been hypothesised that HF outcomes may be most sensitive to SGLT2i treatments. While atherosclerotic CVD (ASCVD) mechanisms may also be affected by SGLT2i treatment \[[@CR59]\], the fact that a significant improvement in 3P-MACE was not achieved in the recent DECLARE-TIMI 58 study points to a tenuous link between ASCVD and SGLT2 inhibition in clinical outcomes \[[@CR52]\]. However, the beneficial effect of SGLT2 inhibition on improving HF outcomes has been consistent \[[@CR50]--[@CR52]\].

SGLT2i treatments also appear to have positive renal benefits in reducing the rate of albuminuria progression and a reduced worsening of nephropathy. These benefits are postulated to arise from the restoration of tubuloglomerular feedback, which is a key mechanism in the kidney for the regulation of glomerular filtration rate (GFR) \[[@CR61]\]. Other mechanisms, including amelioration of intrarenal hypoxia and subsequent anti-inflammatory effects have also been proposed.

Although SGLT2i treatments have a reduced glucose-lowering effect in people with reduced renal function, the renal benefits of SGLT2i agents appear to be preserved among people both with and without chronic kidney disease (CKD); these benefits include significant reduction in albuminuria and reduced incidence of worsening albuminuria \[[@CR62], [@CR63]\]. The benefits on CVD outcomes with empagliflozin and canagliflozin have been demonstrated in patients with a range of baseline renal function capacities and across a range of urine albumin--creatinine ratios; the effects of dapagliflozin were similarly observed across a range of baseline eGFR values \[[@CR5], [@CR52], [@CR64], [@CR65]\]. Currently, SGLT2i treatment is indicated for initiation in people with T2DM and an eGFR ≥ 60 mL/min/1.73 m^2^ and should be discontinued if eGFR persistently falls below 45 mL/min/1.73 m^2^ \[[@CR66]--[@CR68]\]. The preserved efficacy of SGLT2 inhibition across a range of degrees of renal impairment may be of importance in treatment selection for people with T2DM, because CKD and T2DM are both associated with increased CV risk.

The efficacy of SGLT2i treatment will be further elucidated in the forthcoming Canagliflozin and Renal Endpoints in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trial (unpublished at time of paper development), which will prospectively assess the efficacy and safety of canagliflozin in clinically important renal and CV outcomes \[[@CR69]\]. The primary composite endpoint is time to end-stage kidney disease (ESKD), doubling of serum creatinine, and renal or CV death. At a planned interim analysis, the CREDENCE study demonstrated efficacy in achieving this primary endpoint and as a result the trial was stopped early \[[@CR70]\]. Secondary endpoints include a CV composite endpoint of CV death, non-fatal MI, non-fatal stroke, hospitalisation for chronic HF and hospitalisation for unstable angina \[[@CR69]\].

What Evidence Exists for the Management of CVD Risk in T2DM Treatment with SGLT2i Agents? {#Sec7}
=========================================================================================

For the past decade, there has been a regulatory requirement for new drugs intended for the treatment of T2DM to demonstrate that they 'do not increase CV risk to an unacceptable extent' and that phase III trials should include endpoints for non-fatal MI, stroke and CVD mortality \[[@CR71]\]. This stipulation followed the suggestion that rosiglitazone was associated with a significant increase in the risk of MI and a borderline significant increase in CV death \[[@CR72]\]. Following the requirement for anti-diabetic drugs to demonstrate that they do not increase CV risk, several cardiovascular outcome trials have been conducted and reported. Four trials with dipeptidyl peptidase-4 (DPP-4) inhibitors showed CV safety but no CV benefits \[[@CR73]--[@CR76]\]. Several meta-analyses suggested a possible increased risk of acute HF or hospitalised heart failure (HHF) with certain DPP-4 inhibitors versus placebo; however more research is required to explore these observations \[[@CR77], [@CR78]\]. In the glucagon-like peptide-1 receptor agonist (GLP-1 RA) class, four drugs have demonstrated significant improvements in CV safety outcomes versus placebo (liraglutide, semaglutide, albiglutide, dulaglutide) \[[@CR79]--[@CR82]\] and two have not (exenatide and lixisenatide) \[[@CR83], [@CR84]\]. To date, all three marketed SGLT2i medications have demonstrated benefits beyond glycaemic control, providing reductions in measures of CVD across populations with varying risk for, or degrees of, pre-existing CVD \[[@CR50]--[@CR52]\].

The Improving Diabetes Steering Committee has already commented on the risk--benefit considerations and the practical implications of the broad data from each pivotal SGLT2i trial available at the time of publication: EMPA-REG OUTCOME and Canagliflozin Cardiovascular Assessment Study (CANVAS); subsequently the Dapagliflozin Effect on CardiovascuLAR Events (DECLARE-TIMI 58) trial has provided additional data particularly for those at lower risk of CVD \[[@CR1]\].

Here, the Committee considers the available evidence in the context of maximising benefit for people with T2DM and risk of CVD, with informed treatment selection and management strategy. A summary of study populations and selected endpoints is shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Overview of trial population and selected cardiovascular endpoints in SGLT2i CVOTs \[[@CR50]--[@CR52]\]. This figure reports selected outcomes from three trials of an active comparator versus placebo in addition to standard of care, and is not a head-to-head trial outcome. 3P-MACE 3-point major adverse cardiovascular events, CI confidence interval, CVD cardiovascular disease, CVOT cardiovascular outcomes trials, HHF hospitalisation for heart failure, HR hazard ratio

EMPA-REG OUTCOME examined the efficacy and safety of empagliflozin 10 mg or 25 mg, compared with placebo, in addition to standard of care. The trial enrolled 7020 people with T2DM at high risk for CVD outcomes---all participants had established CVD \[[@CR50]\]. EMPA-REG OUTCOME reported a 14% relative risk reduction (RRR) in the 3P-MACE primary outcome versus placebo (HR 0.86; 95.02% CI 0.74--0.99; *P* = 0.04 for superiority), a 38% RRR in CV deaths (HR 0.62; 95% CI 0.49--0.77; *P* \< 0.001), a 35% RRR for HHF (HR 0.65; 95% CI 0.50--0.85; *P* = 0.002) and a 32% RRR in all-cause mortality (HR 0.68; 95% CI 0.57--0.82, *P* \< 0.001) \[[@CR50]\]. The study observed no significant differences between empagliflozin and placebo in MI reports (4.8% and 5.4%, respectively) or stroke incidence (3.5% and 3.0%, respectively) \[[@CR50]\].

These findings were expanded in a sub-analysis of EMPA-REG OUTCOME, which examined outcomes in people with T2DM and confirmed CVD but differing HF status in those with and without HF at enrolment \[[@CR85]\]. Empagliflozin reduced the rate of HHF in people stratified as low-to-average risk (5-year HF occurrence \< 10%), high risk (10--20%) and very high risk (\> 20%), compared with placebo. Risk of CV mortality was similarly reduced in people with T2DM either with HF (HR 0.67 \[0.47--0.97\]) or without HF burden (HR 0.63 \[0.48--0.84\]) at baseline \[[@CR85]\]. This study noted that in people with T2DM and established CVD, there was a high risk of mortality with baseline or incident HF (15.3% in placebo) compared with people with no HF burden (4.2% in placebo) \[[@CR85]\]. Further analysis has observed that the primary endpoint benefits with empagliflozin were observed over a range of baseline HbA1c values and levels of renal function \[[@CR85]\].

CANVAS examined the efficacy and safety of canagliflozin 100 mg or 300 mg, compared with placebo, in addition to standard of care. The trial enrolled 10,142 people (across CANVAS and CANVAS-renal \[CANVAS-R\]) with T2DM, either with prior symptomatic CV events or at least two risk factors for CVD \[[@CR51], [@CR65]\]. CANVAS demonstrated a 14% RRR in the 3P-MACE primary outcome versus placebo (HR 0.86; 95% CI 0.75--0.97; *P* = 0.02 for superiority). A sub-analysis assessing HF reported that, compared with placebo, canagliflozin was associated with a significantly lower risk of composite CV death or HHF (HR 0.78; 95% CI 0.67--0.91), as was fatal or HHF (HR 0.70; 95% CI 0.55--0.89) or HHF alone (HR 0.67; 95% CI 0.52--0.87) \[[@CR87]\].

Pre-specified sub-analysis of the primary endpoint by pre-existing disease observed an RRR of 18% in people with a history of CVD (HR 0.82; 95% CI 0.72--0.95), reflecting benefit in a more comparable patient population to EMPA-REG \[[@CR51]\].

DECLARE-TIMI 58 examined the efficacy and safety of dapagliflozin 10 mg, compared with placebo, in addition to standard of care. The trial enrolled 17,160 people with T2DM who either had previous CVD or no established CVD and with multiple risk factors for the development of CVD---this latter population accounted for 10,186 of the participants \[[@CR52], [@CR88]\]. DECLARE-TIMI 58 had two co-primary efficacy analyses: 3P-MACE and composite HHF and CV death. Dapagliflozin did not reduce 3P-MACE rate (8.8% with dapagliflozin versus 9.4% with placebo; HR 0.93; 95% CI 0.84--1.03; *P* = 0.17). Dapagliflozin did result in a lower rate of CV death or HHF versus placebo (4.9% versus 5.8%; HR 0.83; 95% CI 0.73--0.95; *P* = 0.005). This reduction in composite rate reflected a lower rate of HHF alone (HR 0.73; 95% CI 0.61--0.88); there was no difference between dapagliflozin and placebo in rate of CV death (HR 0.98; 95% CI 0.82--1.17) \[[@CR52]\]. In a subgroup of patients with existing CVD, 3P-MACE was reduced to a greater extent than in the overall DECLARE-TIMI 58 population, although the improvement was still not statistically significant (HR 0.90; 95% CI 0.79--1.02); this subgroup of patients is more comparable to the EMPA-REG trial population \[[@CR52]\]. In patients with prior MI, dapagliflozin was associated with a 16% RRR in 3P-MACE and a 2.6% absolute risk reduction versus placebo (15.2% versus 17.8%; HR 0.84; 95% CI 0.72--0.99; *P* = 0.039); there was no difference in MACE reduction in people without a prior MI \[[@CR89]\].

Dapagliflozin was associated with improvement in the composite renal secondary endpoint (≥ 40% eGFR reduction to \< 60 mL/min per 1.73 m^2^, end-stage renal disease, or renal or CV death) compared with placebo (events in 4.3% versus 5.6% of each arm, respectively; HR 0.76; 95% CI 0.67--0.87) \[[@CR52]\]. However, the Committee notes that care should be taken in extrapolating these data because formal statistical analysis of this endpoint ceased once the primary MACE endpoint was not met.

These pivotal RCTs have demonstrated CVD or HF benefits with SGLT2i therapies in people with T2DM and at high risk of CVD. However, it is important to remember that these studies have highly selective populations to enable the study to be conducted under the carefully controlled conditions often necessary for statistical calculations, and many people who may be eligible for an SGLT2i in routine practice are excluded \[[@CR90]\]. Real-world evidence (RWE) can complement RCT data and support HCPs in decision-making for the appropriate treatment of their patients.

Broadening the Evidence Base: The Role of Real-World Evidence in Informing Treatment Decisions {#Sec8}
==============================================================================================

Real-world studies have the advantage of observing the safety and efficacy of drugs in broader populations that are more representative of the people most likely to be prescribed the studied drugs in daily clinical practice (Fig. [3](#Fig3){ref-type="fig"}) \[[@CR91]\]. Real-world studies facilitate the confirmation of RCT findings against observations in routine clinical practice and can therefore help increase the external validity and generalisability of RCT data. RWE also has limitations: data capture is performed in an uncontrolled setting, which is less robust than in an RCT environment, and real-world studies may be more prone to, and less able to adjust for, confounding data than RCTs \[[@CR92], [@CR93]\].Fig. 3Population characteristics of different types of therapeutic trial. Real-world observational evidence complements prospective data from randomised controlled trials by examining the safety and efficacy of drugs in a broader population that is representative of people most likely to use the drug \[[@CR91]\]. RCT randomised controlled trial. Reprinted with permission of the American Thoracic SocietyCopyright © 2019 American Thoracic Society. Roche et al. \[[@CR91]\]. Annals of the American Thoracic Society is an official journal of the American Thoracic Society

Importantly, RWE can provide insight into how a drug performs in the real-world treatment of people and these findings, often in large study populations, can support HCPs in making appropriate, evidence-based, therapy choices. This is of particular relevance when considering benefits beyond glucose control, as the people observed in real-world studies will have typical comorbidities and concomitant treatments that may have resulted in them being excluded from RCTs \[[@CR91]\].

SGLT2i Treatments in Routine Practice: Real-World Evidence for Cardiovascular Benefits in People with Type 2 Diabetes {#Sec9}
=====================================================================================================================

Three large recent real-world studies have observed the CV benefits of SGLT2i treatments in typical people with T2DM. In total, these studies provide RWE on outcomes in over one million people with T2DM. Furthermore, these studies examine outcomes similar to those reported in the RCTs described earlier. These studies also provide insight into class trends in outcomes with SGLT2is, which can support HCP decision-making. A summary of study populations and selected endpoints is shown in Fig. [4](#Fig4){ref-type="fig"}.Fig. 4Overview of trial population and selected cardiovascular endpoints in real-world evidence studies \[[@CR53]--[@CR56], [@CR94]\]. This figure reports selected outcomes from four trials and is not a head-to-head trial outcome. CI confidence interval, CVD cardiovascular disease, DPP-4i dipeptidyl peptidase‐4 inhibitor, HF heart failure, HHF hospitalisation for heart failure, HR hazard ratio, oGLD other glucose-lowering drug

The Evidence for Cardiovascular Outcomes with Sodium Glucose Cotransporter-2 Inhibitors in the Real World (EASEL) study followed a propensity-matched population of 25,258 people with T2DM and established CVD for a mean duration of 1.6 years. EASEL assessed the benefits of SGLT2i compared with non-SGLT2i treatments. In the cohort prescribed an SGLT2i treatment, 58.1% received canagliflozin, 26.5% received empagliflozin and 15.4% received dapagliflozin \[[@CR56]\]. For its primary composite endpoint (HHF and all-cause mortality), EASEL reported a lower event rate in SGLT2i-treated people than those treated with non-SGLT2i therapies \[1.73 versus 3.01 events per 100 person-years (HR 0.57; 95% CI 0.50--0.65)\]. The SGLT2i-treated cohort, compared with the non-SGLT2i-treated cohort, also had better outcomes for all-cause mortality rate \[1.29 versus 2.26 events per 100 person years (HR 0.57; 95% CI 0.49--0.66; *P* \< 0.0001)\], HHF \[0.51 versus 0.90 events per 100 person years (HR 0.57, 95% CI 0.45--0.73; *P* \< 0.0001)\] and MACE \[2.31 versus 3.45 events per 100 person years (HR 0.67; 95% CI 0.60--0.75)\] \[[@CR56]\].

The CVD-REAL study followed a propensity-matched population of 309,056 people with T2DM, newly initiated on either an SGLT2i agent or 'other glucose-lowering drugs' (oGLD) for 374 days in the SGLT2i-treated cohort and 392 days in the oGLD cohort. CVD-REAL reported that SGLT2i treatment, versus oGLD in people with T2DM either with (13% of the matched population) or without established CVD, was associated with lower risk of HF (HR 0.72; 95% CI 0.62--0.83 and HR 0.61; 95% CI 0.48--0.78, respectively) and composite HF and death (HR 0.63; 95% CI 0.57--0.07 and HR 0.56; 95% CI 0.50--0.62, respectively). There was a reduction in overall death in people with T2DM, with or without pre-existing CVD (HR 0.56; 95% CI 0.44--0.70 and HR 0.56; 95% CI 0.50--0.63, respectively) \[[@CR53]\]. In CVD-REAL 2, 27% of participants had established CVD \[[@CR54]\]. Compared with oGLD therapy, SGLT2i treatment was associated with lower rates of HHF (HR 0.64; 95% CI 0.50--0.82; *P* \< 0.001), death (HR 0.51; 95% CI 0.37--0.70; *P* \< 0.001), MI (HR 0.81; 95% CI 0.74--0.88; *P* \< 0.001) and stroke (HR 0.68; 95% CI 0.55--0.84; *P* \< 0.001) \[[@CR53], [@CR54]\]. CVD-REAL Nordic assessed the benefits of dapagliflozin compared with DPP-4 inhibitors in 40,908 propensity-matched people (23% with established CVD), newly initiated on treatment, with a follow-up of 0.95 years. Dapagliflozin was associated with a lower risk of MACE (HR 0.79; 95% CI 0.67--0.94) and HHF (HR 0.62; 95% CI 0.50--0.77) compared with the DPP-4 inhibitor group. Compared with DPP-4 inhibitor therapy, dapagliflozin was associated with non-significantly lower risk of non-fatal MI, non-fatal stroke and CV mortality \[[@CR94]\].

OBSERVE 4-D examined outcomes in 142,800 new users of canagliflozin, 110,897 new users of other SGLT2i agents and 460,885 new users of non-SGLT2i therapies in a retrospective cohort analysis using observational databases, with a relatively short follow-up of 60--100 days. Of the subgroup of participants with established CVD, 43,043 were new users of canagliflozin, 31,011 were new users of other SGLT2i and 141,579 were new users of non-SGLT2i therapies \[[@CR55]\]. OBSERVE 4-D reported that canagliflozin was associated with a reduction in HHF risk compared with non-SGLT2i medicines (HR 0.39; 95% CI 0.26--0.60; *P* = 0.01); there was no difference in risk reduction between canagliflozin and other SGLT2i agents (on-treatment HR 0.70; 95% CI 0.30--1.63) \[[@CR55]\].

A recent analysis noted that while the absolute values and magnitude of treatment effects will differ to some degree between RCT data and RWE for SGLT2i therapies---reflecting the different patient populations---the trends in CVD outcomes are similar and consistent \[[@CR95]\].

Initial insights from the EMPRISE study, assessing the real-world efficacy in reducing HHF in people with T2DM (with or without existing CVD) with empagliflozin against DPP-4 inhibitors, have shown a 44% reduction in favour of the SGLT2i treatment \[[@CR96]\]. As data emerge from routine practice, particularly from studies comparing active treatment arms, HCPs will have a greater evidence base from which to assess and support the management of people with T2DM, considering future CVD outcomes.

Primary and Secondary Prevention: When Might Initiation of an SGLT2i Therapy Provide Benefit? {#Sec10}
=============================================================================================

Several trials have now released data for people both with established pre-existing disease and for people with no previous established symptomatic CVD, but with multiple risk factors. The benefits of SGLT2i treatment are robustly supported in secondary prevention of CVD and HF, with an increasing wealth of evidence demonstrating significant benefits in people with no established CVD or HF \[[@CR50]--[@CR54], [@CR56], [@CR59], [@CR85], [@CR97]\].

A recent meta-analysis across the three published SGLT2i CVOT trials (EMPA-REG, CANVAS and DECLARE-TIMI 58) provided further support for the benefits of SGLT2i treatment in patients with existing CVD; however, it observed no role in reducing MACE in those without pre-existing CVD, and noted more emphasis on HF outcomes \[[@CR97]\]. In terms of reduction of MACE, there was an overall risk reduction of 14% (HR 0.86; 95% CI 0.80--0.93) in patients with established CVD, but no improvement (HR 1.00; 95% CI 0.87--1.16) in patients with risk factors only. Reduction in composite HHF and CVD favoured SGLT2i treatment over placebo in people with established CVD (HR 0.76; 95% CI 0.69--0.84) and without established disease but multiple risk factors (HR 0.84; 95% CI 0.69--1.01;*p* for interaction 0.41; Fig. [5](#Fig5){ref-type="fig"}). The Committee notes that the findings for this composite endpoint were most likely driven by a reduction in HHF. Reduction of MACE appeared to be independent of renal function. However, benefits in HF were greater in people with relatively reduced renal function \[[@CR97]\].Fig. 5SGLT2i treatment efficacy in people both with and without established CVD or HF \[[@CR97]\]. **a** Meta-analysis of MACE outcomes stratified by presence of established CVD. **b** Meta-analysis of HHF and CV death stratified by presence of established CVD. **c** Meta-analysis of HHF and CV death stratified by history of HF.Adapted with permission from Zelniker et al. \[[@CR97]\]

It is the opinion of the Improving Diabetes Steering Committee that for people with T2DM and risk factors for CVD, regardless of the presence of established CVD or HF, that the early initiation of an SGLT2i treatment provides people with T2DM with an optimum management strategy by reducing hyperglycaemia, aiding weight loss and lowering systolic BP.

How is this Evolving Evidence-Base Being Reflected in Practical Guidelines? {#Sec11}
===========================================================================

A role for SGLT2i treatments in the management of T2DM is acknowledged in the current National Institute for Health and Care Excellence (NICE) clinical guidelines on T2DM management \[[@CR98]\]. However, triple therapy option in these guidelines is limited to use with metformin and a sulfonylurea. Current NICE guidelines do not yet offer advice on selection of T2DM treatment according to CVD risk \[[@CR99]\]. Recent Scottish Intercollegiate Guidelines Network (SIGN) guidelines recommend considering the evidence base for initiation of an SGLT2i or GLP-1 receptor agonist for patients with existing CVD, but do not offer advice on the specific selection of these drugs \[[@CR100]\].

The American Diabetes Association (ADA)/European Association for the Study of Diabetes (EASD) panel has issued a consensus statement on the use of anti-diabetic medicines when considering outcomes beyond glycaemic control alone (ASCVD, HF, CKD, weight management and control of hypoglycaemia; Fig. [6](#Fig6){ref-type="fig"}) \[[@CR101]\]. This consensus represents a welcome advance in personalising T2DM management. However, the Improving Diabetes Steering Committee recognises that the ADA/EASD position statement has limitations in that it may be difficult for clinicians to decide which disease category has priority. For example, in a patient with both HF and ASCVD, it is difficult to assess whether an SGLT2i or a GLP-1 RA should be prescribed, especially with an absence of supportive evidence, in which case options should be discussed with people with T2DM and a decision made on an individual basis. The Committee suggests that in the period before NICE guidelines are updated to reflect the CVD and HF considerations of treatment selection, wider implementation of the ADA/EASD consensus would be of value in improving outcomes.Fig. 6ADA/EASD consensus on treatment selection in T2DM when considering CVD or renal outcomes.Adapted with permission from \[[@CR101]\]

Local guidelines may not always reflect emerging data; moreover, they need considerable resource allocation to be updated, and updates are even more challenging in rapidly evolving treatment areas. It would therefore be valuable to have broader and more accessible advice for the use of SGLT2i treatments in people with T2DM at risk of CVD. This Improving Diabetes Steering Committee consensus paper aims to offer practical advice to HCPs in the selection of treatment as an add-on to metformin and seeks to facilitate personalisation of medicine for people with T2DM and at risk of developing CVD.

Overcoming Treatment Comfort in Type 2 Diabetes Management: And Preparing for New Treatment Approaches {#Sec12}
======================================================================================================

It is well understood that there is significant 'inertia' in the management of people with T2DM, with treatment escalation often taking many years---leaving people with suboptimal glucose control \[[@CR102]\]. As HCPs look beyond a glucocentric management strategy for people with T2DM at risk of CVD there are several challenges to adopting new treatment approaches, including a lack of familiarity with newer agents, limited prescribing options through local formulary practice and a lack of flexibility within prevailing local guidelines. Expanding the physician knowledge base and increasing awareness in routine practice of the performance of newer therapeutic options is key in overcoming these barriers. Demonstrating the efficacy of SGLT2i therapies in CVD outcomes in the context of other common CVD drugs may help physicians appreciate the magnitude of CVD benefit offered by this class.

A recent study noted that the number needed to treat (NNT) to see a benefit in all-cause death compared favourably for empagliflozin against simvastatin or ramipril \[[@CR103]\]. When published data for CV death, HHF and all-cause mortality were examined in a non-head-to-head illustrative comparison, SGLT2i therapies have favourable HF reductions compared with angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs), with each drug compared to placebo (Fig. [7](#Fig7){ref-type="fig"}). Given the comfort with which HCPs consider the prescription of these routine drugs, the Committee notes that early and appropriate intervention with SGLT2i therapies may yield economical and clinically meaningful benefits in people with T2DM at risk of CVD.Fig. 7Illustrative efficacy of SGLT2i treatments in the reduction of CVD risks in the context of commonly used CVD drugs

Practical Advice: The Use of SGLT2i Treatment in People Receiving Diuretics {#Sec13}
===========================================================================

There is opinion that SGLT2i agents are broadly appropriate to use alongside diuretics, with routine monitoring of renal function, especially in patients receiving loop diuretics \[[@CR104]\]. Current prescribing advice notes that empagliflozin may increase the diuretic effect of thiazide and loop diuretics and may increase the risk of dehydration and hypotension \[[@CR67]\], and canagliflozin and dapagliflozin are not recommended for use in patients receiving loop diuretics \[[@CR66], [@CR68]\].

An analysis of the EMPA-REG OUTCOME trial suggests that the significant benefits of empagliflozin on HHF were seen in people not receiving diuretics (including loop diuretics) at baseline, but not in those that were \[[@CR105]\]. This suggests that the diuretic action of SGLT2i agents may play a key role in the improvements these agents provide on HF outcomes \[[@CR105]\]. A sensitivity analysis noted that empagliflozin had a positive effect on 3P-MACE in patients either using loop diuretics (HR 0.91; 95% CI 0.67--1.23) or not (HR 0.84; 95% CI 0.71--1.00) at baseline, and similar significant reduction in CV death in those receiving loop diuretics (HR 0.60; 95% CI 0.40--0.90) or not (HR 0.63; 95% CI 0.48--0.82) at baseline \[[@CR85]\].

Although the primary pharmacological action of SGLT2i agents occurs in the proximal convoluted tubule (the location of the SGLT2 transporter), it has been suggested that the diuretic action that they induce could be a secondary downstream effect of altered sodium balance in the loop of Henle, meaning that SGLT2i treatments could be considered to act similarly to loop diuretics \[[@CR105]\]. A study in healthy volunteers has demonstrated a mutual adaptive synergy between a loop diuretic (bumetanide) and dapagliflozin, suggesting that SGLT2i medications may be helpful in HF patients with resistance to loop diuretics \[[@CR106]\]. A further, similar study examining the effects of SGLT2 inhibition in combination with the loop diuretic furosemide on diuresis, with the hypothesis that SGLT2 inhibition may augment the effects of loop diuretics, is ongoing \[[@CR107]\].

If loop diuretic drugs (including SGLT2i medications) are administered alone, sodium reabsorption in the distal tubules of the nephrons is enhanced in a compensatory manner, limiting diuresis \[[@CR105]\]. However, concomitant administration of loop diuretics with thiazide diuretics, which act on the distal tubules, may result in massive diuresis, hypotension and/or dehydration \[[@CR105]\]. For this reason, HCPs initiating an SGLT2i therapy in a person receiving a combination antihypertensive therapy that includes a diuretic may choose to reduce or discontinue loop or thiazide diuretic before commencing the SGLT2i treatment; this consideration is of particular importance in the elderly.

The Improving Diabetes Steering Committee reiterates its previous practical advice in relation to co-prescription of SGLT2i with diuretics \[[@CR1]\]:Check electrolyte and renal function for all individuals prescribed SGLT2i therapy. This is particularly important for people on diuretic therapies.Conduct routine electrolyte and renal function measurements, as appropriate for individual circumstances, comorbidities and concomitant medications, checking 1 month after initiation of an SGLT2i in people receiving diuretics. A modest reduction in eGFR of 3--5 mL/min/1.73 m^2^ may be expected following the initiation of SGLT2i therapy \[[@CR108]\], as is the case for other medications such as ACEis.Consider reducing or stopping diuretic medicines for treatment of oedema or hypertension, especially if blood pressure is well controlled.Review medicines regularly and de-escalate therapy where possible, in line with NHS Scotland 2018 polypharmacy guidance.

Maximising Benefits in the Treatment of Type 2 Diabetes: Beyond HbA1c {#Sec14}
=====================================================================

Treatment with SGLT2i medication has demonstrated efficacy in attaining glycaemic targets, for which the class is currently indicated \[[@CR66]--[@CR68]\]. The SGLT2i class is associated with weight loss and lowering of BP, no increase in hypoglycaemia and, via a number of mechanisms, has increasingly robust evidence for the reduction of CVD, HF hospitalisation and CV death, in people with and without pre-existing CVD \[[@CR50]--[@CR56], [@CR85], [@CR97]\]. Although the evidence on effects on overall mortality and ASCVD are still evolving, there is a demonstrated class effect showing benefit in HF. Treatment of T2DM with SGLT2 inhibition has been associated with significant reduction in albuminuria and reduced incidence of worsening albuminuria \[[@CR62], [@CR63]\].

SGLT2i treatments are well tolerated and have a favourable risk--benefit profile for many people with T2DM \[[@CR1]\]. In practice, SGLT2i therapies appear to have a meaningful impact, with an NNT for several CVD outcomes similar to those of commonly prescribed drugs for the management and prevention of CVD \[[@CR103]\].

As HCPs seek to personalise medicine for people with T2DM, it is appropriate to not only take a glucocentric approach. An approach of 'treating the person, rather than a disease' is of particular importance in managing T2DM, where multiple comorbidities are common. Treating each condition in isolation may lead to missed opportunities in improving overall outcomes for people with T2DM.

The Improving Diabetes Steering Committee suggests that SGLT2i therapies, for many people with T2DM and at risk of CVD, may represent a logical first escalation from metformin.

While glucose control remains the cornerstone of diabetes management, including selecting appropriate HbA1c targets and aggressiveness of therapy in consultation with the patient, there are clearly outcome benefits beyond attainment of glycaemic targets. It is prudent therefore to consider the CVD risk factors people with T2DM may have and then consider treatment options that take these factors into account. This is important considering the shared risk factors, particularly elevated blood pressure, dyslipidaemia and obesity, for developing CVD and T2DM.

Summary and Practical Considerations {#Sec15}
====================================

Recent evidence from CVOTs and real-world studies provides robust support for the initiation of SGLT2i medication in people with T2DM and who either have established CVD or are at risk of developing CVD, and HF in particular, or at risk of renal decline and progression into CKD. It has been demonstrated that SGLT2i treatment in T2DM is efficacious in reducing HbA1c and is well tolerated. In addition, SGLT2i treatment has secondary benefits in terms of weight loss and lowering BP and has minimal risk of increased incidence of hypoglycaemia.

In selecting efficacious treatment for people with T2DM and risk of CVD, the ADA/EASD consensus statement notes that both SGLT2i and GLP-1 RA interventions may be appropriate, and recommend determining the existence of established CVD, or the probable risk of developing CVD or CKD. In people with T2DM and established ASCVD, either a GLP-1 RA or SGLT2 inhibitor, with demonstrated efficacy in improving CV outcomes, can be selected, post metformin. Where the risk of developing CKD or HF is the HCP's main concern, the initiation of SGLT2i therapy is recommended. If SGLT2i treatment is not tolerated or not appropriate (the patient has an eGFR outside of the licensed range, for example), then a GLP-1 RA with demonstrated CV outcome benefit should be used \[[@CR101]\].

Here, the Improving Diabetes Steering Committee provides practical advice on the use of SGLT2i treatment in four major groups of people with T2DM: people with established CVD, people at high risk for developing CVD, people at lower risk of developing CVD and frail people. Level of evidence was graded according to ADA standards (Table [1](#Tab1){ref-type="table"}). A simple 'traffic light' approach to clinical considerations in these populations is provided in Table [2](#Tab2){ref-type="table"}.Table 1ADA evidence-grading system for "Standards of Medical Care in Diabetes" \[[@CR109]\]Level of evidenceDescriptionAClear evidence from well-conducted, generalisable RCTs that are adequately powered, including:• Evidence from a well-conducted multicentre trial or meta-analysis that incorporated quality ratings in the analysis• Compelling non-experimental evidenceBSupportive evidence from well-conducted cohort studiesSupportive evidence from a well-conducted case-control studyCSupportive evidence from poorly controlled or uncontrolled studiesConflicting evidence with the weight of evidence supporting the recommendationEExpert consensus or clinical experienceAdapted from \[[@CR109]\]Table 2Clinical considerations for the management of CVD risk using SGLT2i therapies in people with T2DM \[[@CR1], [@CR42]--[@CR48], [@CR57]--[@CR59], [@CR77], [@CR78], [@CR80], [@CR81], [@CR86]\]*CVD* cardiovascular disease,*DKA* diabetic ketoacidosis, *eGFR* estimated glomerular filtration rate,*HF* heart failure, *MACE* major adverse cardiovascular events,*T2DM* type 2 diabetes mellitus\*SGLT2i therapies may be initiated in people with eGFR 60 mL/min/1.73 m^2^. Individuals already treated with an SGLT2i therapy who demonstrate renal decline may continue treatment until eGFR reaches \< 45 mL/min/1.73 m^2^

In people with T2DM and established CVD, SGLT2i treatment provides clear benefits in reduction of adverse CVD outcomes. Unless contraindicated, the Committee advises that SGLT2i treatment is recommended as an oral treatment of choice, in combination with lifestyle and other glucose-lowering drugs as appropriate, to treat these people. In people with T2DM and inadequate glucose control, the Committee recommends that an SGLT2i is considered as an early and efficacious treatment option. There is a paucity of RCT data describing the effects of SGLT2 inhibition on CVD outcomes in patients with well-controlled glucose levels, because they were not typically enrolled in the pivotal trials. However, in people with T2DM and established CVD, HCPs may wish to consider the potential CV benefits of SGT2i treatment when reviewing a patient's management and discuss options for maintaining glycaemic control while taking into account comorbid CVD progression.

In people with T2DM and a high risk for CVD, benefits in terms of MACE were demonstrated in CANVAS but not in DECLARE-TIMI 58. However, there were significant reductions in HHF and composites of HF and CV death in both trials; thus, outcomes for people in this stratum are optimised with SGLT2i treatment. Unless contraindicated, the Committee advises that SGLT2is are considered, in combination with lifestyle and other glucose-lowering drugs as appropriate, as adjunctive treatment to improve glucose control and reduce risk of HF and CVD.

In people with T2DM and a lower risk for CVD, there is less robust evidence available from the trials and studies presented in this paper. However, it is well accepted that T2DM is an independent risk factor for the development of CVD. In addition, lifestyle factors that contribute to the development of T2DM are risk factors for the development of CVD. The Committee advises that for people for whom the HCP can see benefit---in terms of glycaemic control, weight loss, lower blood pressure---that SGLT2i treatment may play a preventative role for future HF, while providing efficacious T2DM treatment in the immediate setting. Recent RWE appears to demonstrate HF benefits in patients without established CVD. SGLT2i therapy may also be considered for people at risk of developing CKD, with data supporting efficacy in preventing the worsening of loss of renal function.

In frail people with T2DM, the role of SGLT2i treatment needs to be considered with care. For many of these people, renal impairment will be the main area of concern for both initiation and appropriate discontinuation. For frail people, any secondary effects of weight loss and lowering of blood pressure may be undesirable and must be considered in the personalisation of treatment. The implications of the diuretic action of SGLT2i treatment should be considered when assessing the appropriate treatment and comfort of frail people, especially those with impaired continence. The Committee notes that for frail individuals that are suited to initiation of an SGLT2i treatment, the benefits in HF and MACE outcomes, in an anti-diabetes treatment option that does not increase the risk of hypoglycaemia, may be of value in the optimisation of treatment.

The Improving Diabetes Steering Committee awaits forthcoming evidence for SGLT2i therapy, particularly in terms of further elucidation of CVD benefits in different patient populations (such as the small group of people with T2DM but without CV risk factors \[hypertension, dyslipidaemia or smoking\] other than diabetes) and in terms of renal benefits. The Committee looks forward to providing further evidence-based advice to primary care HCPs in future updates.

The original version of this article was revised: In the original publication, incorrect note was added to Table 2 and this has been updated.
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In the original publication, Table 2 note was incorrectly published as "SGLT2i therapies may be initiated in people with eGFR 60 mL/min/1.73 m\<Superscript\>2\</Superscript\>. Individuals already treated with canagliflozin or empagliflozin who demonstrate renal decline may continue treatment until eGFR reaches &lt; 45 mL/min/1.73 m\<Superscript\>2\</Superscript\>".
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